The striking patterns in seasonal activity and mass change exhibited by hibernating species of ground squirrels (Spermophilus) are thought to be shaped by climatic conditions and seasonal peaks of environmental productivity. I examined the annual cycle of Mexican ground squirrels (Spermophilus mexicanus) in southeastern New Mexico to test the prediction that because of the moderate winters and summer peaks in precipitation typical of the Chihuahuan Desert, the low-latitude, desert-dwelling Mexican ground squirrel would have a longer active season, a delayed reproductive season, and reduced seasonal changes in body mass compared to species that live at higher latitudes and elevations. I found that adult Mexican ground squirrels are active for roughly 5 months of the year, which is similar to other long-season ground squirrels. Litter emergence and prehibernation fattening in adults and juveniles coincide with the summer peak in precipitation and plant productivity, occurring later in the year than in most Spermophilus. The mating season is delayed after spring emergence and is long relative to other Spermophilus, lasting 30-71 days. Similar to other ground squirrels, mass change in adults is characterized by gains before hibernation, and loss in males during the mating season. However, adult males emerge from hibernation at a very low mass and exhibit an extended period of mass gain after emergence. These findings provide support for the hypothesis that the environment is important for the evolution of annual patterns in Spermophilus.
Temperate environments are characterized by highly seasonal climatic and biotic conditions. Animals living in such habitats display an array of physiological and behavioral characteristics that have presumably evolved in response to seasonality, including periods of physiological torpor or behavioral inactivity, storage of resources, annual mass cycles, and breeding at times of peak resource availability.
Ground squirrels of the genus Spermophilus inhabit mostly temperate or arctic habitats and display well-known seasonal cycles, defined by winter hibernation and a spring-summer active season when breeding occurs (Michener 1984) . The length and timing of the active season varies among and within species when elevation or climate differ (Bronson 1979; Dobson and Davis 1986; Dobson et al. 1992; Michener 1979; Morton and Sherman 1978; Murie and Harris 1982) . Timing of the active season is thought to be evolutionarily and proximately shaped by climatic constraints at emergence, matching of lactation and hibernation fattening with the local plant growing season, and the need for adequate time before the next winter for adult fattening and juvenile growth and fattening (Balph 1984; Kenagy et al. 1989; Michener 1979) . One consequence of the activity-hibernation schedule is that mating seasons in Spermophilus are typically short (1-3 weeks), with a high degree of estrous synchrony among females and a brief period of intense reproductive effort by males (Dobson 1984) . This annual cycle additionally leads to conspicuous cycles in body mass and body composition (e.g., Boag and Murie 1981a; Buck and Barnes 1999; Knopf and Balph 1977; Michener and Locklear 1990a; Morton 1975) .
The majority of research on ground squirrels has been conducted on populations and species at high latitudes or high elevations (e.g., Spermophilus columbianus, S. richardsonii, S. parryii, and S. beldingi). Fewer studies have focused on low-latitude ground squirrels, where environmental conditions differ from those encountered by northern congeners (for exceptions, see S. beecheyi- Dobson and Davis 1986; Tomich 1962 ; S. mohavensis- Harris and Leitner 2004; S. tereticaudus-Dunford 1975; Reynolds and Turkowski 1972; and S. tridecemlineatus-McCarley 1966; Schwagmeyer and Brown 1983) . Limited data for low-latitude species indicate that they deviate from the annual patterns typical of northern ground squirrels. Low-latitude winters tend to be warmer and shorter, resulting in longer active seasons, extended breeding seasons, later litter emergence, or a combination of these relative to northern ground squirrels (Dobson and Davis 1986; Dunford 1977; Fitch 1948; McCarley 1966; Tomich 1962) . The Chihuahuan Desert and adjacent habitats (southern New Mexico and parts of Mexico) are unique in North America in experiencing moderately cold winters and monsoonal rains, with the greatest precipitation, vegetational productivity, and standing green vegetation in the summer (July-September- Ernest et al. 2000; Reynolds et al. 2004; Weiss et al. 2004) . If the environment is important for the evolution of ground squirrel annual patterns in the way described above, then I predict that species that are adapted to the Chihuahuan Desert should have longer active seasons and breed later in the summer than northern congeners.
The Mexican ground squirrel (Spermophilus mexicanus) ranges from central Mexico (198N) to southeastern New Mexico and southwestern Texas (338N) at elevations from 210 to 3,230 m and is associated with desert scrub and grasslands (mostly Chihuahuan Desert- Geluso and Geluso 2004; Young and Jones 1982) . Although previous studies of S. mexicanus indicate that animals experience separate active and hibernation seasons (Aragon and Baudoin 1990; Edwards 1946; Neumann and Cade 1965; Valdez and Ceballos 1991; Young and Jones 1982) , detailed information on the annual cycles is not available. The purpose of my study was to determine the timing and biology of annual activity, survival, mating season, and reproduction of this ground squirrel. Population patterns are compared to other species of Spermophilus to evaluate the prediction that the Chihuahuan Desert climate has selected for the timing of activity.
MATERIALS AND METHODS
Study site.-I monitored a population of Mexican ground squirrels in a 2.9-ha city park in Carlsbad City, Eddy County, New Mexico (328239N, 1048149W, elevation ;950 m) for 2 years (2003 and 2004) . The park contained a semi-isolated portion of a large population of Mexican ground squirrels located along an ;3-km segment of the Pecos River. The focal population was separated from riverside inhabitants on its northeastern corner by a corridor about 50 m wide containing a minor road. The remaining edges of the park were bounded by pavement. The park was mainly vegetated with exotic annual grasses, mowed approximately once every 2 weeks, and watered via a sprinkler system.
The climate of New Mexico is characterized by monsoonal summers. Average annual precipitation for Carlsbad is 359 mm, with 47% falling during July-September (climatic data from the National Climatic Data Center, Carlsbad Station; long-term averages based on data from 1972 to 2002). In 2003, Carlsbad experienced a drought, receiving only 41% of the normal annual precipitation, although it is likely that the supplemental water in the park habitat masked this drought. In April 2004, precipitation was ;760% of the normal monthly amount (106 mm versus 14 mm, of which 73 mm fell on 4 April). This caused the Pecos River to flood the majority of the study site. Roughly half of the park was submerged for 3 days after 4 April, and the majority of resident ground squirrels were never seen again (presumably drowned). Summer precipitation also was greater than normal in 2004 (272 mm compared to 213 mm for June-September). Average daily maximum and minimum temperatures in Carlsbad in 2003 and 2004 were 168C and À28C in January and 348C and 198C in August; daytime temperatures can exceed 388C from June to August.
Trapping and handling.-Tomahawk live traps (model TLT201, 40.6 Â 12.7 Â 12.7 cm; Tomahawk Live Trap Co., Tomahawk, Wisconsin), baited with peanut butter and oats, were placed around the park in areas with high squirrel activity. If a particular squirrel was to be trapped, the squirrel was chased down a hole, and 1 or more baited traps and hardware cloth were placed around the hole (focal trapping). I trapped during daylight hours only and checked traps at intervals of 1.5 h or less.
I transferred captured squirrels to a cotton mesh bag for processing. On 1st capture, sex was determined using anogenital distance, as well as presence of distended scrotum or nipples. The animal was anesthetized with 15% halothane and 85% light paraffin oil to allow me to implant a passive integrated transponder (PIT) tag between the shoulder blades (model TX1400L; Biomark, Inc., Boise, Idaho). In addition, the fur was marked with hair dye (Lady Clairol #124 Natural Blue-Black, Clairol, A Division of P&G, Stamford, Connecticut) for visual identification during observations. At every subsequent capture, I measured body mass to the nearest 2 g using a spring scale, and recorded reproductive status (testes fully, partially, or not scrotal for males; nipples swollen or not swollen for females). Ages of adults were unknown in 2003. In the next year (2004), adults were recorded as yearlings or !2 years old, based on age the previous year.
Juveniles were trapped after 1st being sighted using focal trapping and processed in the same manner as adults. Juveniles were assigned to a mother based on spatial and behavioral association. Mothers typically took refuge in the same burrows as a litter, foraged near a litter, and reacted with vigor to the sight of juveniles in a trap. All procedures followed guidelines of the American Society of Mammalogists for animal care and use (Animal Care and Use Committee 1998); protocols were approved by the Main Campus Animal Care and Use Committee at the University of New Mexico.
Data collection and analysis.-I trapped Mexican ground squirrels at irregular intervals (4-34 days between visits) during AprilNovember 2003 and March-November 2004. I trapped the site every 4-19 days in the spring and summer (typically every 4-10 days during spring emergence and litter emergence), and every 14-34 days in autumn (during autumn immergence; each visit was 2-6 days in duration). I made additional visits in January and March 2003 to assess winter and spring aboveground activity. Trapping in early 2003 was not exhaustive-some squirrels remained untrapped until mid-June. In 2004, trapping in spring (March and April) was exhaustive-all squirrels were trapped when 1st observed on the site. The visibility of squirrels was high during most visits.
For each squirrel, the 1st and last days of known activity each year were established based on trapping and observation. I determined spring emergence (from hibernation) and autumn immergence (into hibernation) for the population by the pattern of appearance and disappearance of squirrels. Individual squirrels were classified as surviving the active season if they were trapped on or later than the 1st day of the population autumn immergence period. Entry into hibernation was assumed to have occurred if a squirrel disappeared after the 1st day of the population autumn immergence, although these presumptive immergences cannot be distinguished from other causes of disappearance. Hibernation survival over the 2003-2004 winter was determined based on presence in spring of 2004.
Litters were not always trapped on the day of emergence from the natal burrow. The ''emergence date'' of litters was known for those litters that were 1st sighted during one of my visits. For the remaining litters, an ''emergence period'' was established as the time period between my visit before and visit after litter emergence. The time intervals between visits during the period of litter emergence averaged 7 and 14 days for 2003 and 2004, respectively. I also established an ''estimated emergence date'' within the emergence period based on juvenile mass. For these estimates, no correction was made for litter size because I observed that juveniles may disappear within the 1st few days after emergence. Therefore, litter size several days after emergence may not be an accurate measure of emergence litter size. Percent survival of emerged juveniles to the next spring was calculated for each sex.
Parturition and estrous dates for each adult female who successfully reared a litter were back-calculated from litter emergence using the following procedure. Time between parturition and emergence was estimated as 32 days, based on previous estimates for S. mexicanus (between 28 and 35 days -Matocha 1968; Valdez and Ceballos 1991) . A parturition date or period for each female was established by subtracting 32 days from the known emergence date or from the 1st and last days of the emergence period if the date was not known (i.e., estimated emergence date was not used). Gestation time was estimated as 30 days (minimum gestation length is 29 days based on the longest interval from capture of a wild-caught female to parturition -Matocha 1968 ). An estrous date or period was established for each mother by subtracting 30 days from the parturition date or period in the same manner as above. Although these values are necessarily only estimates given the paucity of data available for S. mexicanus, they should not lead to erroneous estimates of the mating season, nor should they have a large impact on the timing of the mating season (estimates may average about 5 days earlier or later than the actual dates).
Using these estimates, I calculated conservative (shortest possible) estimates of the mating season for the population, defined as beginning on the latest possible date of estrus of the 1st female to wean (emerge) a litter and ending on the earliest possible date of estrus for the last female that weaned a litter. Emergence date is known for the 1st litter of each year, providing a reliable estimate of the beginning of the mating season. For the last litters of each year, only emergence periods are known. By using the earliest possible date of estrus for the mothers of these litters, any error in estimating the duration of the mating season would lead to an underestimate.
To assess annual mass changes, average body mass at each visit was calculated for males and females. Based on these patterns, there appeared to be distinct seasons for males and females, which I examined more closely for patterns of individual mass change in the following way. Four seasons were apparent for males: emergence (mass at 1st trapping), premating season (spring maximum body mass, which occurred several weeks after emergence), mating season minimum body mass (within the estimated estrous period), and prehibernation (mass at last trapping). Three seasons were used for each female: emergence, mating season (within the estimated estrous period and the window of the male mating season), and prehibernation. I calculated average mass for each season and sex. To examine whether the change in individual mass between seasons was consistent among squirrels, individuals weighed during 2 consecutive seasons were used to calculate absolute and relative mass change between seasons.
Body masses in each season were compared statistically between sexes and ages (when known) using 2-sample t-tests, and mass change between seasons was analyzed with paired t-tests. Survival values were compared pairwise between sexes and seasons using Pearson's chi-square tests. Values are expressed as means 6 1 SD. Statistical tests were performed using SPSS 12.0 (SPSS, Inc., Chicago, Illinois) and S-Plus 6.0 (Insightful Corp., Seattle, Washington; chi-square tests). Statistical significance was assessed at a ¼ 0.05.
RESULTS
Density.-In 2003, I trapped 17 adult male and 24 adult female Mexican ground squirrels on the site (14.1 squirrels/ha, 1st captures early April-mid-June; 2 of 24 females died during handling, and are excluded from further analysis). In 2004, 19 males (ten !2 years old and 9 yearlings) and 13 females (six !2 years old and 7 yearlings) were trapped on the site before the flood (1st captures early March-early April). Possibly, some females had not yet emerged at the time of flooding on 4 April. The flood caused 89.5% mortality of emerged males and 76.9% mortality of emerged females. Population density declined from 11.0 squirrels/ha preflood to 6.6 squirrels/ha postflood. After the flood, 2 males (one !2 years old and 1 yearling) and 4 females (two !2 years old and 2 yearlings) remained, and 12 new males and 1 new female (all of unknown ages) moved onto the site by 22 April.
Emergence and immergence.-Spring emergence was asynchronous between the sexes (Fig. 1) . Males emerged in early to late March, with yearling males emerging slightly later than older males. Some females emerged in early March, but most did not emerge until late March-early April. (Fig. 1A) . In 2004, females observed after the flood did not begin to disappear until late July, when winter immergence began (Fig. 1C) . The last female immerged in late September. For males present after the 2004 flood, disappearances occurred throughout the active season with a more gradual summer decline in numbers than in 2003; 50% (7 of 14) disappeared after 22 July (the presumptive beginning of immergence), and the last males were aboveground in mid-September (Fig. 1B) The timing of litter emergence was distinctly bimodal; the 1st peak of litter emergence occurred in late June (4 litters) and the 2nd peak occurred in late July-August (5 litters). The minimum estimated period in which at least 1 female was in estrus is 18 April to 11 June 2003, a time span of 54 days. If the final litter is removed, the minimum period over which females were in estrus is reduced to 30 days. All males had scrotal testes over the time period that includes the estimated availability of females (early April-early July).
The 1st litter of 2004 emerged on 20 June (date known), and the last in early September. Mothers were identified for all 4 litters. One litter emerged off-site (observed) and moved onto the study site within a few weeks of emergence. The minimum period over which at least 1 female was in estrus was 71 days, between 19 April and 29 June. The last litter to emerge in 2004 was a 2nd attempt by a !2-year-old female; the female displayed an earlier mass gain and loss and had swollen nipples, suggesting she had given birth. After a small flood (25 June 2004) that presumably caused the loss of this female's litter, the female entered an apparent estrus (observed) and produced an emergent litter ;60 days later. If the final litter is removed from the analysis, the minimum period over which females were in estrus is reduced to 32 days. Males did not have scrotal testes upon emergence from hibernation, but all males (including yearlings) had scrotal testes from late March to late June. Reproductive timing in this population is similar to what I observed in Chihuahuan Desert S. mexicanus, where males had scrotal testes from March to June, and females were lactating between late May and early August.
Average litter size and per-litter juvenile mass were calculated for litters trapped on the day of emergence or within 2 days after estimated emergence (2003 and 2004 combined) . Litter size was 6.4 6 0.55 (n ¼ 5), and ranged from 2 to 7 (for all litters). Average per-litter juvenile mass was 43.8 6 5.50 g (n ¼ 5). Juveniles that emerged later in the season (i.e., 2nd peak) had a lower mass throughout the summer and autumn and immerged for hibernation later than juveniles that emerged earlier in the season (Fig. 2) . Most juveniles entered hibernation between mid-September and late October in both years. Survival of juveniles from emergence until the next spring was 30.0% (9 of 30) for males and 30.4% (7 of 23) for females and did not differ between the sexes (v 2 ¼ 0.07, P ¼ 0.79).
Mass change.-Adult males emerged at a low body mass, spent the following several weeks substantially increasing their mass, declined in mass during the mating season, and increased to their heaviest mass before hibernation (Figs. 3A and 3B ; Tables 1 and 2 ). Females similarly increased in body mass during spring and before hibernation, but changed little in mass during the mating and reproductive season (May-July). Because timing of reproductive events is not synchronized among females in the population, changes in individual female mass based on reproductive cycle (e.g., weight loss after litter birth) are largely masked in the population averages.
Males were heavier than females at emergence and before hibernation, and tended to be heavier during the mating season (Table 1 ). Mass at emergence (2004) was lower for yearling males than for males !2 years old (yearlings: 156 6 27.7 g, n ¼ 9; !2 years old: 235 6 25.4 g, n ¼ 8; t ¼ À6.11, P , 0.001), and for yearling females compared to females !2 years old (yearlings: 113 6 17.4 g, n ¼ 6; !2 years old: 190 6 27.2 g, n ¼ 6; t ¼ À5.86, P , 0.001). Both !2-year-old and yearling males gained mass from emergence to spring (Table  2 ), but yearlings remained lighter than older males in the spring (yearlings: 211 6 26.5 g, n ¼ 6; !2 years old: 313 6 34.4 g, n ¼ 6; t ¼ À5.79, P , 0.001). All 3 yearlings that remained after the flood in 2004 had lower masses than the remaining !2-year-olds of the same sex for the entire year. Compared to the mass that males gained before the mating season, the mass that was lost during the mating season was considerably less (Table 2) . Data were not available to test whether mass change was significant for females between their emergence and estrus. However, there is a general tendency for females to gain mass between emergence and the time when males are at their lowest mass of the mating season (late in the mating season, 2004; Table 2 ). This likely reflects gains in somatic mass in females before and during the reproductive season because the mass data available appear to have been collected postparturition for at least 2 of the 3 females. (Table 2 ). Adults and juveniles of both sexes decreased in mass over hibernation, although the trend was only marginally significant in adult females.
DISCUSSION
The Mexican ground squirrel is similar to northern ground squirrels in its spring-autumn active season and general mass change patterns; however, there are marked differences in some of the details of the annual patterns compared to most Spermophilus. The patterns have likely been shaped by selection pressures due primarily to 2 important features of their environment, summer plant productivity and mild winters. Litters come above ground during the summer when presumed high resource requirements by adult females (lactation and hibernation fattening) and by juveniles (growth) correspond with high plant productivity. The long active season is likely due to the mild winters, and is similar to other long-season ground squirrels (;5 months for adults; e.g., S. beecheyiTomich 1962; S. citellus -Millesi et al. 1999a; S. tereticaudus -Dunford 1977; and S. tridecemlineatus-McCarley 1966) . Studies of S. mexicanus in the deserts of Mexico, and those I conducted in the Chihuahuan Desert near Carlsbad, suggest that the timing of activity and reproduction are the same for squirrels in natural habitats ( Table 3 ), indicating that the results presented here for S. mexicanus in a city park are not unique to nonnatural habitats. In S. mexicanus, the correspondence of activity and reproduction to the growing season of the Chihuahuan Desert provides additional evidence for the importance of environment in the evolution of Spermophilus ecology.
Reproduction.-The timing of activity and offspring emergence in S. mexicanus dictates that the timing and length of the mating season differ from those of northern congeners. In particular, I recorded a delay in female estrus and a wide time window of opportunity for successful breeding. In most ground squirrels, females enter estrus within a few days of emergence from hibernation (reviewed by Gür and Gür [2005] ), and most females in a population come into estrus within a 1-to 3-week period (Dobson 1984) . In contrast, female Mexican ground squirrels emerged in late March and early April, but entered estrus 1-2 months later, in late April-June. Similar delays have been documented in thirteen-lined ground squirrels (S. tridecemlineatus) in Texas (McCarley 1966) and roundtailed ground squirrels (S. tereticaudus) in Arizona (Dunford 1975) . In addition, the estimated mating season for Mexican ground squirrels is longer than in most ground squirrels (54-71 days). Comparable lengths have been documented in California ground squirrels (S. beecheyi) in central California (Tomich 1962 ) and seasonally polyestrous thirteen-lined ground squirrels in Texas (McCarley 1966) .
The length of the mating season in Mexican ground squirrels appears to lead to some unusual reproductive patterns, including the ability to produce a replacement litter after failure of a 1st litter and 2 peaks of reproductive activity. Production of replacement litters (2nd attempts) is rare in other ground squirrel species (McCarley 1966) . Female ground squirrels in populations with short active seasons are likely constrained from making 2nd attempts by the short mating seasons (the period when sperm is available), and late litters leading to litter failure, reduced maternal survival, or reduced offspring TABLE 2. -Change in body mass of Mexican ground squirrels in Carlsbad, New Mexico, between seasons, reported as absolute differences (g) and as percentage change (%) of initial mass (given as mean 6 SD). Paired t-tests were used to test whether absolute mass change between seasons for individuals was significant for each group. An asterisk (*) indicates P , 0.05. (Kenagy et al. 1989; McCarley 1966; Millesi et al. 1999b; Morton and Gallup 1975) . I did not collect data to provide tests of these alternative hypotheses for the 2 reproductive peaks in Mexican ground squirrels in 2003. Two peaks of reproduction also were reported for Mexican ground squirrels in Texas and attributed to polyestry (Matocha 1968) , but polyestry in S. mexicanus has not been confirmed and did not occur during the course of this study (Matocha 1968; Valdez and Ceballos 1991) . The timing of reproduction in Mexican ground squirrels also must have consequences for male mating effort and for the mating system. Approximately 1 month elapses between male emergence and entry of the 1st female into estrus, giving males substantial time to increase body mass for competition, assess female dispersion, and establish territories or dominance relationships (Michener 1984) . Once breeding commences, males appear to invest in reproduction over the entire breeding season by continuing to lose body mass gradually and retaining scrotal testes for 2-3 months. Aggressive behavior, increased locomotion, decreased foraging, injury, mass loss, and increased mortality have all been observed to occur in males during the mating season in a variety of ground squirrels (Boellstorff et al. 1994; Lacey et al. 1997; Michener and McLean 1996; Murie and Harris 1978; Sherman and Morton 1984) . Most of these behaviors and consequences were observed for male S. mexicanus (with the exception of changes in foraging behavior, which were not quantified). In the Mexican ground squirrel, the combination of delayed female estrus, a long breeding season, and a low number of females in estrus per day may contribute to greater monopolization of females by a few males, and lead to high variance among males in reproductive success.
Activity.-As for other ground squirrel species with a similar duration in adult active season (Michener 1984) , the emergence and immergence schedules of S. mexicanus were relatively asynchronous between sexes-males initiated and terminated emergence and immergence earlier than females. Juveniles remained aboveground several months after adults entered hibernation, presumably to allow them time for continued growth before hibernation, similar to other Spermophilus (Michener 1984) . The importance of juvenile growth after litter emergence in S. mexicanus is highlighted by the fact that litters that emerged later in the season also immerged for hibernation later than earlier-emerging juveniles in both years.
Many high-latitude ground squirrels emerge earlier in the year than S. mexicanus (February-March; S. richardsonii Michener 1983) or emerge despite snow cover (S. beldingi- Morton and Gallup 1975; and S. parryii-Buck and Barnes 1999) , so it is perhaps surprising that Mexican ground squirrels do not emerge earlier given the mild nature of winter. On the other hand, one might question why squirrels emerge from hibernation so long before the breeding season. The timing of spring emergence in S. mexicanus suggests that environmental conditions other than temperature (e.g., food or water availability) early in the year may constrain activity during January-February, whereas the opportunity to increase body mass in the month before the mating season is likely important for reproductive success and survival for both sexes.
Several low-latitude or low-elevation ground squirrel species in southwestern North America are active during winter and spring, begin using torpor in early summer, and, in some cases, exhibit limited use of torpor in autumn and winter (S. beecheyi- Dobson and Davis 1986; Fitch 1948; S. mohavensis-Harris and Leitner 2004; and S. tereticaudus-Dunford 1977) . The disparities between these populations and S. mexicanus may occur because of the varied temperature and precipitation regimes of southwestern North America. First, compared to California habitats and, to a lesser extent, Sonoran Desert habitat, the Chihuahuan Desert receives a greater proportion of its annual precipitation and vegetation growth in the summer (Reynolds et al. 2004) . Second, ground squirrels in the Chihuahuan Desert experience cooler summer and winter temperatures than those in the Mojave and Sonoran deserts (Reynolds et al. 2004 ). These differences may allow and favor activity later in the summer and constrain winter activity in Chihuahuan Desert ground squirrels.
Mass change.-Changes in body mass over the active season are ubiquitous in ground squirrels (e.g., Boag and Murie 1981a; Buck and Barnes 1999; Knopf and Balph 1977; Morton 1975) . In many species of Spermophilus, males emerge from hibernation at a relatively high mass, and, in most species, the lightest male body mass of the year occurs at the end of the mating season (e.g., Michener and Locklear 1990a) and testes Valdez and Ceballos 1991. are descended and at their maximum size upon emergence (Iverson and Turner 1972; Michener and Locklear 1990b; Morton and Gallup 1975; Murie and Harris 1978 ; an exception is S. tridecemlineatus-McCarley 1966). The general pattern in annual mass change is similar in the Mexican ground squirrel; however, there are a few noteworthy differences. Male S. mexicanus emerge from hibernation with undescended testes and at their lightest mass of the year. In male ground squirrels, seasonal reproductive maturation appears to occur largely after the termination of torpor (Barnes et al. 1986 ). Therefore, a delay between arousal from torpor and emergence from the hibernaculum, during which time males mature reproductively and may consume cached food resources, may be important for males to emerge reproductively competent (Barnes et al. 1986; McLean and Towns 1981; Michener 1983 Michener , 1992 . This pattern has likely been shaped by the necessity for reproductive maturity early in the season, yet a constraint on aboveground activity imposed by cold temperatures early in the season (Barnes et al. 1986; Michener 1983 Michener , 1992 . The seasonal patterns of mass change and reproductive condition in Mexican ground squirrels suggest that males emerge immediately after arousal from torpor. In this species, neither an early mating season nor cold spring temperatures preclude males from becoming reproductively mature and fattening after emergence.
Survival estimates (active season and hibernation) were similar to those for other Spermophilus (Boag and Murie 1981b; McCarley 1966; Michener and Locklear 1990b; Morton and Sherman 1978) . Survival values provided here are only estimates because death and dispersal could not be distinguished, and because dates of emergence and immergence were not known with certainty for each squirrel.
Results from trapping S. mexicanus in the desert near Carlsbad, New Mexico, and from studies in Mexico and Texas suggest that my results for a city-dwelling population are representative of squirrels in natural habitats and in other areas of its range (Aragon and Baudoin 1990; Edwards 1946; Matocha 1968; Valdez and Ceballos 1991) . The differences in timing of activity and reproduction in the Mexican ground squirrel compared to other Spermophilus are consistent with the unique climatic conditions in the Chihuahuan Desert (mild winters and monsoonal precipitation). The variation in seasonal temperature and precipitation across southwestern North America may allow for an excellent test of the role of environment in the evolution of ground squirrel behavior and natural history.
RESUMEN
Los relevantes patrones en la actividad estacional y el cambio en la masa corporal mostrados por especies de ardillas terrestres (Spermophilus) que hibernan, se cree que se deben a las condiciones climáticas y a los picos estacionales de productividad ambiental. Examiné el ciclo anual de la ardilla terrestre mexicana (Spermophilus mexicanus) en el sureste de Nuevo México para evaluar la predicción de que, debido a los inviernos moderados y a los picos de precipitación durante el verano, típicos del Desierto Chihuahuense, las ardillas terrestres mexicanas que habitan en latitudes bajas en el desierto, presentarían una actividad estacional más larga, un retraso en la temporada reproductiva y menores cambios estacionales en su masa corporal, en comparación con especies que habitan en latitudes y altitudes más altas. Encontré que los adultos de las ardillas terrestres mexicanas son activas durante 5 meses del año aproximadamente, lo cuál es similar con otras especies de ardillas terrestres que presentan periodos de actividad largos. Tanto la emergencia de la camada como el aumento de peso en adultos y juveniles antes de la hibernación, coinciden con los picos de precipitación en verano y la productividad de las plantas, lo cual ocurre más tarde en el año que en la mayoría de Spermophilus. La temporada de reproducción se ve demorada una vez iniciada la primavera y es más larga que en otras especies de Spermophilus, durando entre 30-71 días. Al igual que en otras ardillas terrestres, el cambio en la masa corporal de los adultos se caracteriza por una ganancia de masa antes de la hibernación, y una perdida de la misma en los machos durante la temporada de apareamiento. Sin embargo, los machos adultos emergen de la hibernación con una muy baja masa corporal y presentan un extenso periodo de recuperación. Estos resultados apoyan la hipótesis de que el ambiente es importante en la evolución de los patrones anuales de Spermophilus.
